Optimal storage conditions to retain ribulose 1,5-bisphosphate carboxylase/oxygenase (Rubisco) activity were investigated. The soluble spinach (Spinacia oleracea) enzyme was pretreated with its activators, Mg2 and HCO3-, and then stored for up to 30 days at 4 or -180C or in liquid N2. Cold inactivation and conformational changes were suggested to be involved during Rubisco storage in the cold, leading to its inactivation. Pretreatment of the enzyme with Mg2`and CO2 and subsequent storage at either 40C or in liquid N2 or flushing the samples with N2 and rapid freezing and storage in liquid N2 are recommended as storage procedures. These storage treatments will prevent inactivation, so that full original specific activity will be preserved.
Contradictory temperature dependence for the storage of purified Rubisco2 has been reported. Kawashima et al. (5) showed that storage solubilized crystalline tobacco Rubisco at 0°C for 3 d reduced its initial specific activity by 70%. Storage ofthe tobacco enzyme at three different temperatures between 0 and 25°C led to a slow change in activity with time, until an equilibrium was approached between the 4th and 8th d (12) . Purified enzyme stored in 50% ammonium sulfate at 4°C lost 60 to 80% of its activity within 3 to 6 weeks (3, 7) . This loss could be restored by incubation with 50 mM DTT for several hours. Experiments done in our laboratory with purified Rubisco from spinach leaves also showed a continuous decay of specific activity. Inactivation was complete after 3 weeks of storage at 4°C. In spite of the research carried out on this subject, storage procedures of Rubisco still need improvement. 
MATERIALS AND METHODS

Plant
Chemicals
Radioactive sodium bicarbonate was obtained from New England Nuclear. RuBP was synthesized from ribose 5-P (Sigma). DTT and DTNB were obtained from Sigma.
Rubisco Assay
Rubisco was assayed by following "'CO2 incorporation into acid-stable products. The assay medium contained 50 mM Tricine-NaOH (pH 8.0), 10 mM MgC92, 10 mM NaH"'CO3 
Titration of SH-Groups with DTNB
Modification offree SH groups with DTNB was determined spectrophotometrically at 25°C following the increase in absorbance at 412 nm according to the method of Habeeb (2) . Protein concentration was estimated from the absorbance at 280 nm so that A"'1Nm x 0.61 equals the concentration of carboxylase in mg/mL (7).
RESULTS AND DISCUSSION SH oxidation and reversible cold inactivation are known to be responsible for loss of Rubisco activity (1, 5 Rubisco pretreatment with its activators, Mg2" and CO2. Not only was almost full initial activity preserved (87%), it was even slightly increased by activation at 45C (Fig. 1 B) . Storage of crude extracts of rice leaves at 4°C in the presence of DTT, Mg2' and CO2 showed only a slight effect on enzyme stability (6) .
The samples stored at -1I8C were first rapidly frozen in liquid N2 and then transferred to a freezer. The samples flushed with N2 were frozen and stored in liquid N2. It has been reported that rapid freezing of the enzyme in liquid N2 followed by storage at -80°C is a method to reduce loss of activity (3). In our case, activity was irreversibly lost in all treatments stored at -1 8°C (Fig. 2) . Under these conditions, addition of enzyme activators was not sufficient. In addition, the freezing procedure led to the precipitation of DTT. On the other hand, continuous freezing in liquid N2 prevented 02 penetration so that the anaerobic conditions were preserved and full activity was maintained for at least 30 d (Table I) (Fig. 1B) . The complete inactivation of N2-flushed samples was unexpected and indicates that some other process, besides partial oxidation of the enzyme, was involved. The addition of DTT to the enzyme before storage did not completely prevent loss ofactivity, but in its presence Rubisco could be fully reactivated by heat (Fig. 1) . The unique and most important finding of this study was the effectiveness of In conclusion, pretreatment of the spinach enzyme with its activators and storage in solution at 4TC or rapid freezing of N2-flushed or CO2/Mg2+-pretreated samples followed by storage in liquid N2 are two recommended storage procedures.
